Carbon disulphide is extensively used as a fumigant against these insects, but, although efficacious, it has serious disadvantages.
It has an extremely disagreeable odor and in moderate concentrations its^vapor is poisonous to man. Although carbon disulphide is volatile, millers occasionally complain that wheat which has been treated with it retains its odor, and it has been shown that the baking quality of flour from carbon disulphide fumigated wheat is sometimes injured (£). 3 The really serious objection to 
EXPERIMENTAL PROCEDURE
The rice weevil (SitopMlus oryza L.), the flour weevil (Tribolium confusum Fab.), and the granary weevil (SitopMIus granarius L.) were used in most of the tests, and the Indian meal moth {Plodia interpunctella Hbn.) was used in a great many. Adult insects of the weevils and the larvae of the Indian meal moth were used.
The first series of experiments (Tables 1 and 2) were conducted in the apparatus described by Neifert (18 Assuming the vapor of a compound to be a perfect gas, the molecular weight ( 
EFFECT OF VOLATILE ORGANIC COMPOUNDS ON WEEVILS
The results of the fumigation of weevils hi glass flasks at room temperature (21°to 32°C .) are shown in Table 1. Table 2 gives the formula, molecular weight, boiling point, and minimun lethal concentration for each compound tested. Chlorides: I"""do"""~""~-"""I." " "~do---""""""""-~- Methyl cyano formatê -~"dO--"-~""~"-""~". 8 The boiling points given are those of the substances as tested, not those of these compounds of the highest degree of purity. 3 The lethal concentration here reported represents the minimum percentage concentration which consistently caused 100 per cent mortality after exposure for 24 hours. Since in some cases the concentrations tested varied decidedly and because of some variation in the experimental results, the results here given do not necessarily represent the exact minimum lethal concentration. 4 Minimum concentration tested. Holt (9) tried the effect of benzene, toluene, xylene, naphthalene, anthracene, "benzoline," heptane, petrol, petroleum ether, and paraffin oil (boiling point, 150°to 289°C), in concentrations of 1 drachm to 1,250 cubic centimeters, on roaches (Periplaneta orientalis L.) confined in a glass-stoppered 1 ,250-cubic centimeter bottle. Benzene and toluene showed the same toxicity. In general, the higher the boiling point the longer the time necessary to kill. "Benzoline" (boiling point, 60°C ), which killed in 17 minutes, was the most toxic.
McClintock, Hamilton, and Lowe (13) Jewson and Tattersfield (10) found that naphthalene vapor had no apparent effect on mites (Aleurobius farinse De G.), even after exposure for 16 hours.
Lloyd (12) found pure naphthalene, free from tarry acids, to be a poor fumigant against adult greenhouse white flies (Asterocliiton vaporariorum Westw.) . At a temperature of 69°t o 72°P ., 0.5 gram of pure naphthalene killed only 3 per cent of the adult white flies confined in a half-gallon glass-stoppered jar during exposure for an hour.
Lefroy (11) found that xylene, turpentine, cymene, and pseudocumene killed 100 per cent, and that eucalyptus oil killed some mealworms dipped in the liquid.
Russell (22) found toluene more effective than carbon disulphide in the partial sterilization of sick soil in which tomatoes were growing.
Titschack (25) found the vapor of benzene to be very much less effective than carbon disulphide against the eggs, larvae, and moths of the clothes moth ( Tineola biselliella Hum.) . Xylene also showed a low toxicity, but naphthalene was effective.
Richardson and Smith (21) found the toxicity toward the black aphis (Aphis rumicis L.) to increase from benzene through toluene to xylene, but in all cases the tolerance of the host plant, nasturtium, was much less than the minimum toxic concentration. Cyclohexane was twice as toxic as benzene.
Tattersfield and Roberts (24) found that anthracene and phenanthrene were nontoxic to wireworms; that mesitylene, p-cymene, and naphthalene had marginal toxicity; and that n-pentane, ?i-hexane, n-heptane, benzene, toluene, and m-and^-xylene had low toxicity. Of the hydrocarbons examined only pseudocumene had moderate toxicity.
Moore (15) found that the toxicity of petroleum ether, benzene, toluene, xylene, gasoline, camphene, naphthalene, and kerosene toward flies increased with diminishing volatility.
The low toxicity and ready inflammability of all the hydrocarbons tested make this class of organic compounds unpromising in the search for a practical fumigant.
BROMIDES
The most effective bromide tested during the investigation reported in this bulletin was ethylene bromide, which killed 100 per cent of the weevils at a concentration of only 0.5 per cent. The order of toxicity of the other bromides follows : Bromoform, 7i-butyl, ethyl, allyl, n-propyl, and benzyl bromide, and bromobenzene.
Bromoform and monobromobenzene were found by Tattersfield and Roberts (24) to be moderately toxic to wireworms. Moore (14) tested the action on flies of bromobenzene, p-dibromobenzene, o-and p-bromotoluene, and bromoxylene.
The disubstitution products were more toxic than the monosubstitution products, and the bromine compounds were more toxic than the corresponding chlorine compounds. From tests on potato-beetle eggs with bromoform, trimethylene bromide, o-bromotoluene, and bromoxylene, Moore and Graham (17) concluded that the toxicity of organic compounds to insect eggs increased with decreasing volatility.
Moore (15) also tested the action of bromoform, brometone (tribromo tertiary butyl alcohol) , and ethylene bromide on flies.
Bertrand and Rosenblatt (2) found benzyl bromide to be more toxic than carbon disulphide, but less toxic than monochloroacetone to the larvae of (Bombyx) Malacosoma neustria L. Holt (9) found that it took nine minutes for the vapor of bromo- Lloyd (12) reports that tetrachloroethane gives good results against the white fly in greenhouse fumigation, but is without Moore (14) found iodobenzene to be more toxic to house flies than the corresponding bromine and chlorine compounds.
Tattersneld and Roberts (24) found iodoform to be nontoxic to wireworms, while iodobenzene was moderately toxic.
According to Holt (9) , cockroaches dusted with iodoform did not succumb until a period of 9 hours had elapsed.
ALCOHOLS AND PHENOLS
Methyl alcohol was more toxic than ethyl alcohol, but with this exception the toxicity increased with increasing molecular weight through isoamyl alcohol. Thymol, menthol, and geraniol are so slightly volatile at ordinary temperature as to be practically nontoxic.
Richardson and Smith (21) found methyl, ethyl, n-propjl, n-butyl, capryl, isoamyl, benzyl, and furfuryl alcohols to be ineffective against aphids. Even pure methyl and ethyl alcohols killed less than 95 per cent of the insects.
Moore (15) found the toxicity of methyl, ethyl, and amyl alcohols, menthol, and thymol on house flies to increase with decreasing volatility.
Trillat and Legendre (26) showed that methyl, ethyl, propyl, and amyl alcohols had only a feeble toxicity to mosquitoes.
Titschack (25) showed that ethyl alcohol was ineffective against the eggs and larvae of clothes moths.
McClintock, Hamilton, and Lowe (13) found the effectiveness of methyl and ethyl alcohols to be low against bedbugs, cockroaches, house flies, clothes moths, and mosquitoes. Menthol was about half as toxic to bedbugs as carbon disulphide.
Holt (9) found methyl alcohol tp be more toxic to cockroaches than ethyl or amyl alcohol. All required at least 45 minutes to produce death, however.
Lefroy (11) Moore (15) found that the toxicity of acetaldehyde, chloral hydrate, and furfural to house flies in general increased as their volatilities decreased.
According to Davis (5) , acetaldehyde is ineffective against white grubs in soil. Trillat and Legendre (26) report that it has only a feeble toxicity for mosquitoes.
Lefroy (1 1 ) found a solution of chloral hydrate in water to have no effect on mealworms. Holt (9) reports that roaches dusted with powdered chloral hydrate survived for 4 hours.
McClintock, Hamilton, and Lowe (13) The introduction of chlorine into a ketone, as in chloroacetone, enormously increased its toxicity.
Richardson and Smith (21) found that even 100 per cent acetone and ethyl methyl ketone killed less than 95 per cent of aphids, and acetal was effective only in concentrations over 50 per cent.
Moore (IS) found the toxicity of acetone, bromomethyl phenyl ketone, and menthone to house flies to increase with diminishing volatility.
Holt (9) found that it took acetone vapor 32 minutes to kill cockroaches, as against 8 minutes for carbon disulphide.
Lefroy (11) found that acetone killed no mealworms dipped in it.
According to McClintock, Hamilton, and Lowe (13) , acetone has very little effect against bedbugs, cockroaches, house flies, clothes moths, and mosquitoes.
Titschack (25) found acetone less effective than carbon disulphide against the eggs and larvse of clothes moths.
Guerin and Lormand (7) found that bromoacetone had no apparent effect on plants at a concentration of 1 to 2,000 exposed for an hour.
Bertrand and Rosenblatt (2) Lefroy (11) Speyer (23) found ethyl mercaptan to have no effect on red spiders. Moore (14) found that the toxicity of benzonitrile to house flies compared with that of iodobenzene and xylene. NITRITES n-Butyl nitrite and isoamyl nitrite were about equally toxic.
Moore (15) found that amyl nitrite had about the same toxicity to flies as gasoline.
Tattersfield and Roberts (24) found that the toxicity of amyl nitrate to wireworms was low and that the toxicity of amyl nitrite was moderate.
Speyer (23) found that the grubs of a chironomid fly (Orthocladius) came to the surface of the soil of cucumber pot plants Tattersfield and Roberts (24) , in tests on wireworms, found that o-and m-nitro aniline, w-phenylenediamine, phenylhydrazine, naphthylamine, and diphenylamine were nontoxic; that p-nitroaniline and £>-chloroaniline had marginal toxicity; that trimethylamine, ethylamine, dimethylamine, monomethylamine, aniline, and o-chloroaniline had moderate toxicity; and that o-and y-toluidine, xylidine, dimethylanihne, and monomethylaniline had high toxicity.
Foreman and Graham-Smith (6, Mc Clint ock, Hamilton, and Lowe (13) found little difference in the toxicity of pyridine, pyridine bases, and quinoline for bedbugs, cockroaches, house flies, clothes moths, and mosquitoes.
Jewson and Tattersfield (10) found pyridine effective against mites. Lefroy (11) found that quinoline and pyridine killed some of the mealworms dipped in the liquids, but that a 1 per cent aqueous solution of nicotine killed none.
Tattersfield and Roberts (24) found that pyridine was moderately toxic against wireworms.
Moore (15) (Table 4) , another in a wooden box of 100 cubic feet capacity (Table 5) , and another in a barrel of 6 cubic feet capacity ( Table 6 ) . The fumigant or mixture of fumigants was applied in all these tests by pouring the calculated quantity over the top of the grain and then closing the receptacle. The bottle had a stopper, the barrel had a wooden head, and the box was provided with felt stripping and a tight-fitting cover, which could be clamped down.
(In Tables 4 and 5 the more toxic substance, with its concentration, is given first; the less toxic substance, used principally as a diluent, with its concentration, is given next.) The compounds consistently causing 100 per cent mortality in the small-scale tests in wheat (Tables 4, 5 , and 6) are shown in Table 7 . The results are shown in Table 14 . 1 For insects exposed in pill boxes. 2 The grain in all but six of the cars fumigated was moderately infested with weevils. The percentages given in this column represent the kill of this infestation. 3 A few alive in ends of car. 
